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于质谱的定量蛋白质组学技术—iTRAQ（isobaric tags for relative and absolute 




讨亚历山大藻 PST 合成的分子机制。取得的主要研究结果如下： 
（1）运用 iTRAQ 定量蛋白质组学技术结合相应的转录组数据比较研究了正
常培养条件下 ACHK-T 和 ACHK-NT 蛋白质组的差异表达。从 A. catenella 中鉴
定到 3,488 个蛋白质，其中 185 个为差异表达蛋白：106 个在 ACHK-T 中显著高






相关。此外，在 A. catenella 的蛋白表达谱中鉴定到了 7 个 PST 合成相关蛋白的
























（3）秋水仙素处理显著影响了 A. catenella 的细胞结构、活性氧代谢、蛋白
质代谢、碳水化合物代谢、生物发光以及叶绿素合成等过程。此外，秋水仙素处
理也显著影响了 A. catenella 细胞中多个氮代谢相关蛋白以及细胞周期调控蛋白
的表达，它们的共同作用将 A. catenella 抑制在了细胞周期的 G1期。但在氮的吸

























Alexandrium is a widely distributed dinoflagellate genus in the ocean and many 
species within this genus are able to produce paralytic shellfish toxins (PSTs). In the 
past few decades, with the increase of occurring frequency, expansion scale and 
serious damage of the PST-producing algal blooms, the paralytic shellfish poisonings 
(PSPs) caused by PST have become a global environmental health issue which 
threatens the stability of marine ecosystem, the sustainable development of marine 
biological resource as well as the human safety. Much effort has been devoted to the 
toxin biosynthesis but the biosynthetic mechanism in dinoflagellates remains obscure 
owing to our poor understanding of the massive genomes and unique chromosomal 
characteristics. 
This study, for the first time, applied the mass spectrometry-based quantitative 
proteomic approach: isobaric tags for relative and absolute quantitation（iTRAQ）
combined with the transcriptomic database, to compare the proteomes of a 
toxin-producing dinoflagellate Alexandrium catenella (ACHK-T) and its non-toxic 
mutant (ACHK-NT), the proteomes of different toxin-producing stages of ACHK-T 
and the proteomes of ACHK-T and ACHK-NT with and without colchicine treatment, 
respectively, identified and screened differentially displayed proteins, characterized 
toxin-related proteins and biological processes, and discussed PST biosynthetic 
mechanism in dinoflagellates. The main results were as follows: 
(1) The differentially expressed proteomes of ACHK-T and ACHK-NT were 
compared using a combination of iTRAQ-based proteomic approach and the 
transcriptomic data. 3,488 proteins were identified from A. catenella, 185 of them 
were differentially displayed: 106 proteins mainly involved in amino acid and purine 
biosynthesis, protein and carbohydrate metabolism and bioluminescence were more 
abundant in ACHK-T while 79 proteins mainly participated in photosynthesis, fatty 
acid biosynthesis and the peroxisome processes displayed higher abundances in 
ACHK-NT. The variations of these biological processes suggested that the carbon and 
energy utilization strategies were different between these two strains, which might be 
related to the different toxin biosynthesis abilities. In addition, 21 homologs of seven 
toxin-related proteins were identified but they varied insignificantly between the two 















(2) Flow cytometry and toxin analysis showed that ACHK-T completed a cell 
cycle within one day, and PST synthesis occurred mainly within 2 hours of the late G1 
phase. Quantitative results indicated that PST biosynthesis might be relate to protein 
translation and chlorophyll biosynthesis. In addition, a total of 42 homologs of nine 
toxin-related proteins were obtained from 7,232 proteins identified, but none of them, 
except for the regulative protein ompR, displayed differentially during the fastest 
toxin biosynthesis period. It is, therefore, regulation mechanism of PST biosynthesis 
in dinoflagellates might be similar to cyanobacteria and the toxin-related proteins in 
dinoflagellates might suffer post-translational regulation. 
 (3) Colchicine treatment significantly influenced the cell structure, 
bioluminescence, chlorophyll biosynthesis, reactive oxygen metabolism, proteins and 
carbohydrate metabolism of A. catenella. In addition, colchicine also significantly 
affected the expressions of several nitrogen-metabolic proteins and cell-cycle 
regulative proteins related to cellular G1/S phases transition. Their interaction might 
arrest the cell cycle in G1 phase. However, for the absorption and utilization of 
nitrogen, ACHK-T and ACHK-NT responsed differently to the colchicine-treatment. 
Colchicine significantly inhibited the expression of glutamine synthetase (GS) in 
ACHK-NT while GS expression in ACHK-T maintained relatively stable, suggesting 
intracellular toxin content might play a feedback role in regulating GS expression. As 
a response to nitrogen-deprivation stress, ACHK-T might reuse the nitrogen degraded 
from the proteins to maintain the cell survival, and utilize nitrogen originally for PST 
biosynthesis to chlorophyll biosynthesis. 
 
Keywords: Dinoflatellate; Alexandrium catenella; Paralytic shellfish toxins; 
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